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li conducting the research reported here, the investigators

adhered to "Principles of Laboratory Animal Care" as estab-
lished by the National Society for Medical Research.
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It has been established that live tularemia vaccine prepared at Fort
,'P !.ick and administered dermally by acupuncture or aerogenically to
r-ia]a and man is innocuous and immunologically superior to killed
preosrations. Data on the pathogenesis and immunogenicity of live vaccine
t tain LVS have been sufficiently encouraging to warrant an evaluation of
-"a! vaccination with this otrain. A preliminary test of the oral infec-

&%:iY U& aighly virulent strain SCHU for the monkey (facaa mulatta)
c: ---a1cd that le0 organisms mixed in milk and swallowed infected two of
ci.t animals, both of which died; a dose of le' c214: Id not result in

an-; evidence of infection. Doses of 10P and 0° organisms inf-eted all
-~ ~~ JaP U~L~ ed; cospa:4t18 .1 a -Were obtained

ulW 10 0 organisms in gelatin capsules were swallowed intact. In another
study, groups of 16 monkeys swallowed HP to i0P live organisms of strain
LVS or strain 425 in milk; strain 425 is incapacitating but seidom lethal
for the monkey when inoculated dermally or aerogenically. A group of eight
monkeys were administered strain LVS dermally by acupuncture. Both the

oral and the dermal inocula of LVS proved innocuous but 13 of the 16 ani-
mals that received strain 425 showed a transient low-grade febrile reaction.
An agglutinin response was obtained in all v~ccinees. Approximately 10
weeks after vaccination. these animals and a group of seven unvaccinated
controls inhaled 10' organisms of strain SCY.I. All animals became infected
but 64 to 71%. of the vaccinees survived in _,mtrast to 147 of tie controls.
These studies indicate a potential for oral immmization with live LuuAlMemia

vaccine prepared from strain LVS.
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ORAL LIVE TULARHIA VACCINE

It has been established that livz tularemia vaccine prepared at Fort
1t ,t.rick and admin-istered dermnally by acupuncture or aerogenictlly tC

a iis and man is innocuous and immunologically superior to killed
preparations. Data on the pathogenesis and imiunogenicity of live
vaccine strain LVS have been suffit,'--tly encuuraging to warrant an
evatuation of oral v.cclration with this strain. A preliminarv study

z i,ducted on the oral infectivity of strain SCHU for the monkey
(Macaca mulatta); 10 to 25 cells of this strain of Francisella*
tularensil are sufficient to infect either man or monkey dermally or
via the re3oiratory route.

Gr oups of five to eight conditioned animals were fed ie i0' , le,
or 10 "'D live SCHU organisms mixed in milk. A group of five animals
received l0 ° organirms in gelatin capsules to ensure that contamination
of the upper respiratory tract might not alone produce infection.

Rectal temperatures were recorded twice daily several days prior to
exposure and for 30 days after exposure; weights were recorded weekly.
C-reactive protein and sedimentation rates were determined on heparinized
blood samples drawn at various intervals before and after ingestion of
the test organisms. Serological studies were conducted on serum samples
weekly. Animals were frequently observed for clinical signs of illness;
i.e., anorexia, diarrhea, weakness, etc.

Ac indicated in Table 1, the oral ID0 of strain SCHU was approximately
10 cells. Criteria for infection included febrile response, clinical
disease, and serology. Monkeys administered li" cells did not become
infected. Twenty-five per cent of the animals fed 10' organisms became
infected and died, At the 10 dose all an&aais became infected and 37Z
survived. All animals receiving 1Pf SCEU, whether the organisms were
fed with milk or contained in a capsule, became infected and died. Ae
indicated, when the dose was increased, time to death was decreased
appreciably. Only subtle differences were observed in the course of
clinical tularemia initiated by organism fed In milk or swallowed in
a capsule. Animals fed organisms in milk became febrile and anorectic
t-proximately 12 to 24 hours before and died on the average 2 days prior
to those that wallowed the capsule.

This new designation hs been made to honor Dr. Edward Francis of the
U.S. Public Health Service and will be used in the next edition of
Bergey's Manual.



TABfLE 1. ORAL INFECTIVITY OF 7I).EIZIA M&NI
STRAIN SCHU FOR THE KONKE

Infected, Dead, Average Time to Death,.
Oral Dose'l 7% 7. dayn

le0 0

lf25 25 18

id" t00 63 1l

2. 0 100 1005

i0oyb 100 100 7

a. Five to eight animale per group.
b. Organismis contained in gelatin capsules.

Considerable differences in pathologic changes were observed in animals
dying from the various oral doses of strain SM~l. Ingestion of UP* to U
cells produced lez~ions, in the lung and other organs comparable to those
u su 1liy observed after an aerogenic exposure; only one animal exhibited
inflamisation of the large intestine.* In contrast, all animals administered
1P organism showed severe inflamtion and ulceration of the intestinal
mwuosa. especially in the il.'".0 The majority of these monkeys allso showed
tevere inflamtion and circumscribed ulceration of the cardiac region of
the stomach. Prior to death, these animals passed clotted blood rectally.

-. ~ o :lruis routinely isolated from the mosenteric lymph uiddes.

These data on the oral infectivity and pathogenicity of strain SM~l
sugg,-sted that it night also be possible to obtain an mntigetnc response
in t le sonkey by administering orally Y. tu Jjsl strains of lesser
v t~ene than strain SM~l. Two strAins were selectedle ace
ctrain M.3 which is iisnogenic but innocuous for the soakey when admin-
istered by the dermal or respiratory rm~te,, and strain 425, which is
incapacitating for the monkey but seldon lethal. Groups of 16 monkeys
were fed Id' to 100 live =rganisms of strain LYS or 425 in silk. Another
group of 8 monkeys was administered strain W15 dersially by acupuncture.
Eight animals were used as nonvaccinated controls.

One animal fed LVS showed a transient lw-grade fever. -Vith this
exception,. noe of the animals, vaccinated with WS3 adilbid overt signs
of disease. The ipajority of the animals' fedt strain -425, sb~iiid A transient
low-gradle febrile' response but no other signs of disease. C-reactive
potein and sedimitntat ion rate data were not indi.cative of an active
disese process.
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Although a poitlve seroiiv3cal response was detected earlier in

aniala vaccinated dermally with LVS tham in those vaccinated orally

with LVS or 425, all vaccinees 4aveloped L. tularensis agglutinins
(F!ure 1). In general, titers were higher in animals that received

strain 425. Dermal and oral adnnistration of LS produced comparable

agpjutin.in tters. Gel diffusion studies showed comparable precipitin
pro4uction by animals vaccinated dermally or orally with LS, but animals

id- -.nistered strain 425 orally showed morz -nd denser precipitin bands.

In contraut to the severe disease assoc:Lated with oral administration

of strain SCHU, strain LVS or 425 resulted 1.n or'- a benign response.

7wvo of the animals fed strain LVS, two fed ittrain 425, and one vaccinated

percur-neously were euthanized approximately 7 week.2 after exposure; no

pettologic residue were observed. y. tularentis \as nct isolated from

the tissues examined and all organs appeared normal.,

Approximately 10 weeks after vaccination animals were challenged via
the respiratory route with 10 organisms of strain SCHU. On the basis of
our previous studies on live tularemia vaccine, wt was estimated that this

formidable aerogenic dose would result in the infection of all dermal

vaccinees with a survival of 50 tn 60%. Results presented in Table 2

indicate that although all vaccinees and controls became ill following

challenge, 64 to 71% of the vaccinees survived in comparison to 147. of

the controls. Vaccinated survivors wre febrile for 3 to 14 days and

atoreatic for 1 to 3 days during the acute phase of disease. The sole

surviving control animal experienced a severe illness and appeared

moribund for several days. No appreciable differences in the grade of

immmity was observed between animals vaccinated with strain LVS and with

strain 425, nor between animals vaccinated orally and dermally. These
results indicate a potential for effective oral immunization against
tul remia.
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Figure 1. A~glutintLn Respe"a ovii Ad6mkm JtKnistar"o tular1sis Strofmo VS'or 425,
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TABLE 2. ORAL IX OGENCITY OF j SEA T ARENSIS
LVS AND 425 FOP THE 'XNEY

Vacc.ne Veccinees Animals Showin Disease Survival,
Strain Route ChallensedAY Mild Moierats Severe Fatal %

VS Dermal 7 3 2 0 2 71

LVS Oral 14 6 3 0 5 64

425 Oral 14 9 1 0 4 71

Wone 7 0 0 1 6 14

a. 1e cells c! atrain SCEU via the respiratory route.
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13. ADSTRACT

It has been established that live tularemia vaccine prepared at Fort Detrick
and administered dermally by acupuncture or aerogenically to animals and man is
innocuou3 and immunologically superior to killed preparations. Data on the
pathogeneuis and ismunogenicity of live vaccine strain WVS have been-sufficiently
encouraging to warrant an evalu.at ion of oral vaccination with this strain. A
preliminary test of the oral infectivity of highly virulent strain SCHU for the
monkey (Mcc MdAttaS) revealed that lif organisms mixed in milk and swallwed
infected cwo of eight animals, both of which diedo a dose of 10' cells did not

result in any evidence of infection. Doses of Wd and 100 organism infected

Ill monkeys, tested and the majority died; comparable results were obtained when
1010 organisms in gelatin capsules were swallowed 'intact. In another stu dy,
groups of 16 monkeys swallowed 10P to 10 10 live organivas of strain LVS or
strain 425 in milk; strain 425 is incapacitating but seldom lethal for the
monkey when inoculated dermally or aerogenically. A group of eight monkeys
were administered strain LIS dermally by acupuncture. Both the oral and the
dermal inocula of LVS prov4&, innocuous but 13 of-the 16 animals that received
strain 426 showed e transient 1wv-grade febrile reaction. An agglutinin response
was obtained in all vaccinees. Approximately 10 weeks after accinitibn, 'these
animals 'and a group of seven unvaccinated controls inhaled 101 organisms of
strain SCMU. All animals became infected but 64 to 71% of the vaccineessurvived

* I in contrast to 14%. of the controli. These studies indicate a potential for oralI iuvuniation with live tularemia vaccine prepared from' s train LVS.
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